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ORIGINAL ARTICLE
The decline in caries over the past few decades
has been associated mostly with the widespread
use of fluoride.1 Caries in children is seen pre-
dominantly in occlusal pits and fissures, and
these surfaces of permanent teeth are particularly
at risk. For example, in the United States, occlusal
surface caries comprised 56% of the permanent
tooth caries in 5–17-year-old children.2 To over-
come this problem, sealants have been developed
and used successfully to prevent the most preva-
lent pit and fissure caries in children and adoles-
cents.3 However, such preventive programs are
slow to reach the populations where they are
needed most. Even if the cost of many preventive
programs is low, only rarely do they reach the list
of funding priorities in developing countries.
Therefore, alternative, low-cost and effective ways
to prevent dental diseases have been given priority.
Of the many attempts carried out in rural dis-
tricts, atraumatic restorative treatment (ART) is
the most impressive. ART was developed in mid
1980s, and introduced some years later in a clinical
setting in Malawi.4 It was developed primarily for
treating people living in underserved areas of the
world where resources and facilities such as elec-
tricity and trained manpower are limited.5,6 Since
its introduction, ART also has been considered as
a preventive measure, with the sealing of occlusal
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Background/Purpose: Atraumatic restorative treatment (ART) was developed primarily for use in under-
served areas of the world. This study was designed to compare caries prevention with high-viscosity glass
ionomer cement (GIC) sealants placed according to the ART procedure and light-cured composite resin
sealants after 3 years.
Methods: The study was conducted in a boarding school in the city of Kırıkkale. Four experienced dentists
placed a total of 207 sealants (91 GIC and 116 composite resin), without chair-side assistance, on the
school premises.
Results: A total of 137 sealants were available after 3 years. 55.3% of the GIC and 93.8% of the composite
resin sealants were lost completely, and the difference between the two groups was statistically significant.
Only six of 56 teeth in the GIC group and eight of 81 in the composite resin group showed caries.
Conclusion: Under field conditions in which moisture control was not effective, a high-viscosity and less
technique-sensitive glass ionomer material can be used as an effective sealant material, rather than resin.
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surfaces with glass ionomer material. A low-filled
glass ionomer was used in all the cited sealant
studies. However, high-filled glass ionomers have
been produced in recent years. The 3-year reten-
tion rates of partially and fully retained sealants
using high-filled glass ionomers have been re-
ported to be 71–72%.7,8 These rates are higher
than those for low-filled glass ionomers.9–11 High-
filled sealants have been placed, as part of the
ART approach, in the first and second molars of
adolescents.
Generally, it is accepted that resin-based
sealant materials are retained longer.3 However,
glass ionomer cement (GIC) is not as sensitive to
moisture as the resin-based sealants. This issue is
still problematic, and only a few data are available
to compare the effectiveness of resin sealants with
their glass-ionomer counterparts placed by ART.
The aim of the present study was to compare caries
prevention with high-viscosity GIC sealants
placed according to the ART procedure and light-
cured composite resin sealants after 3 years under
field conditions.
Materials and Methods
Patients and study design
The study was conducted in a boarding school 
in the city of Kırıkkale, Turkey, which is located
near the capital city Ankara in Middle Anatolia.
Four experienced dentists placed the sealants,
without chair-side assistance, on the school prem-
ises between late 2004 and early 2005. All dentists
were experienced in placing composite resin
sealants. Three dentists had no previous experi-
ence in applying the high-viscosity GIC sealants
according to the ART procedure. The operators
were trained and graded regarding selection, treat-
ment procedures, and practice before the study.
Each patient was treated by one of the operators
and all treatments were done on school premises.
Composite resin and GIC sealant materials
were applied randomly to the first permanent mo-
lars of children aged 7–11 years. The study proto-
col was accepted by the National Educational
Management of Kirikkale city. Parental consent
was obtained in writing through the school au-
thorities. Children received instructions on good
oral health care and were individually shown 
how to clean their teeth prior to the start of the
treatment.
The teeth considered to be at risk of caries
were sealed randomly with composite resin or GIC
sealants. If one sealant was placed on one side,
the other sealant was placed on the other side.
The inclusion criteria were: (1) sound pits and
fissures in fully erupted first molars; and (2) pits
and fissures diagnosed with an early enamel le-
sion. The exclusion criteria were: (1) partly erupted
first molar; (2) an obvious cavity in the occlusal
surface; and (3) the presence of a restoration or a
sealant (or part of it) in the pit and fissure system.
Sealant procedures
ART GIC sealant: The teeth were isolated using
cotton rolls. The occlusal surface was cleaned
with a probe, conditioned with polyacrylic acid
(3M/ESPE, Minneapolis, USA) for 15 seconds,
washed with water-moistened cotton pellets, and
dried with a manual air pump. The GIC (Ketac
Molar, 3M/ESPE) was hand-mixed, according to
the manufacturer’s instructions. The GIC mixture
was applied to the occlusal surface with and
pressed into the pits and fissures using a gloved
finger. Excess material was removed after bite
registration. The sealant was then coated with
Vaseline. Children were instructed not to eat for
at least 1 hour.
Resin-based sealant: Teeth were isolated with
cotton rolls and then etched with 37% phos-
phoric acid (Super Etch, SDI Limited, Bayswater,
Australia) for 20 seconds. The occlusal surface was
washed with water-moistened cotton pellets and
dried with a manual air pump. Composite resin
sealant (Fissurit F, Voco, Cuxhaven, Germany)
was applied and cured (CromaluxE-Plus, Mega
Physik, Rastatt, Germany) according to the man-
ufacturer’s instructions.
All of the sealed teeth were observed using a
buccal mirror and explorer after 3 years, with the
following scoring system: 1, total retention; 2,
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partial loss; and 3, total loss. The caries evaluation
criteria were: 1, present; and 2, absent. The data
were analyzed by one-way analysis of variance.
Results
Two hundred and seven sealants (91 in GIC group
and 116 in resin group) were applied to 70 chil-
dren initially, and 137 sealants in 41 children were
available after 3 years. Fifty-six teeth in the GIC
group and 81 in the resin group were examined.
The resin retention rates are shown in Table 1.
After 3 years, none of the resin sealants showed
total retention. However, in the GIC group, the
total retention rate was 19.6%. In the GIC group,
14 of 56 teeth showed partial loss of sealant,
whereas, only 5 of 81 teeth showed partial loss in
the resin group. In the GIC group, 55.3% of the
teeth showed total loss of sealant, and in the resin
group, the total loss was 93.8%. The difference
between the all three parameters was statistically
significant (p < 0.01).
The occurrence of new caries did not differ
significantly between the GIC and the resin group
(Table 2; p > 0.05). Only six of 56 teeth in the
GIC group and eight of 81 teeth in the resin
group showed signs of caries.
Discussion
The present study showed that retention rate
(total and partial) of the GIC sealant applied by
ART was significantly higher than that of the com-
posite resin counterparts in split-mouth design
after 3 years. Although we had not expected this
result, the complete disappearance of resin
sealants could have resulted from the insufficient
moisture control during the procedure. To solve
this problem we used a manual air pump, but this
was not successful. This result agrees with previous
conclusions that the retention rate of the resin
sealants is highly related to moisture control.12–14
Despite differences in design, many clinical
studies of resin sealants have achieved retention
rates of >90% after 1 year and > 80% after 10
years.15,16 In contrast to this, surveys of the qual-
ity of sealants under field conditions or national
health regulations have shown much higher rates
of imperfect sealants, in the range of 50–80%,
which is similar to the rate found in our study.17,18
Therefore, the results of the present study are
more in line with the reality of sealants than
with controlled clinical trials. This is also true 
for the failure rate of sealants (defined as subse-
quent carious teeth). Clinical studies have annual
failure rates of 0.5–2.5%,19–21 which is much
lower than the mean of nearly 30% in our study.
Only Rajic et al22 and Vrbic23,24 have reported
high failure rates of 6–18% in Croatian children,
where high caries activity, little fluoride use, and
technical difficulties such as moisture control
might have been severe problems. Similarly, the
reasons for the high failure rate seen in our study
are no fluoride use, limited technical facilities,
and skill differences between the four dentists
who applied the sealants.
The complete loss of high-viscosity GIC
sealants in the present study after 3 years (19.6%)
is considerably lower than that reported in 
several previous studies using comparable glass
ionomer sealants (28–90%),7,8,25,26 but similar
to the 16% in another study.10 There are a num-
ber of factors that could explain this. First, dif-
ferent types of GIC were used and the variable
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Table 2. Occurrence of carious teeth after 3 years*
Caries
Sealant group
Absent Present
GIC (n=56) 50 (89.2) 6 (10.7)
Resin (n=81) 73 (90.1) 8 (9.8)
Total (n=137) 123 (89.7) 14 (10.2)
*Data presented as n (%). GIC = glass ionomer cement
Table 1. Retention of sealants after 3 years*
Sealant Total Partial Total
group retention loss loss
GIC (n=56) 11 (19.6) 14 (25.0) 31 (55.3)
Resin (n=81) 0 (0) 5 (6.1) 76 (93.8)
Total (n=137) 11 (8.0) 19 (13.8) 107 (78.1)
*Data presented as n (%). GIC = glass ionomer cement.
properties of the different cements might be rele-
vant, as wear rates vary between them. Second,
nearly all of the previous studies were conducted
in dental clinics with access to suction and good
moisture control; however, this was not the case
in the present field trial. Finally, the fissure pat-
terns of permanent teeth are different, being in
general deeper, which could make it easier for
sealants to be retained. Moreover, as discussed in
a recent similar study,27 this could have resulted
partly from the fact that the high-viscosity glass
ionomer sealants in two of the previous stud-
ies25,26 were placed in adolescents, who are gen-
erally easier to treat than the elementary school
children.
The GIC sealant that has been studied most
often (Fuji III®; GC) has a low viscosity.9,10 In re-
cent years, high-viscosity restorative GICs have
been used as sealant materials.7,28 Dental thera-
pists and dentists have placed these sealants, as
part of the ART approach, in first and second
molars in adolescents.7,8 After 3 years, the sealant
retention rate of these so-called ART GIC sealants
appeared to be higher than that of low-viscosity
sealants. The complete loss of high-viscosity GIC
sealants in the present study after 3 years (45%)
was somewhat higher than that reported previ-
ously for comparable sealants after 3 years (28%
and 29%).7,8 The high-viscosity GIC sealants in
the two latter studies were placed by one or two
experienced dentists, who had previous experi-
ence of field conditions. In our study, although
all four dentists had at least 5–10 years clinical
experience, only one had field experience of ART
and/or sealant application. This could explain
why ART GIC sealants were worst than expected
in this study.
In a recent 3-year follow-up study, Poulsen 
et al29 also used the same methodology, and re-
ported that the GIC sealant was completely lost
in almost 90% of the teeth, compared with <10%
loss of resin sealant. When compared with our
results, the retention rate for GIC sealants was
worse, but for resin sealants, it was better than 
in our study. It could be that the retention of
resin sealants was higher than that in our study
because all treatments were performed in a well-
equipped dental center.
When compared with two recent studies of
resin and glass ionomer fissure sealant modali-
ties, our study clearly showed that the ART GIC
sealants were equivalent to their resin counter-
parts with respect to preventing caries.30,31 This
result agrees with many other clinical trials.30–33
Based on the present results, we conclude that,
under field conditions where moisture control
might not be effective, a high-viscosity and less
technique-sensitive GIC can be used as a feasible
and effective sealant, which is equivalent to its
resin counterparts.
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